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EMBROIDERY DATA PROCESSING
APPARATUS AND METHOD OF
PRODUCING EMBROIDERY DATA

This application 1s a Continuation-in-Part Application of
Ser. No. 08/990,816 (Attorney Docket No. JAO 30741); Ser.
No. 08/990,814, now U.S. Pat. No. 5,823,127 (Attorney
Docket No. JAO 30742); and Ser. No. 08/990,733 (Attorney

Docket No. JAO 30743), all filed Dec. 15, 1997, the
disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The mvention relates to an embroidery data processing
apparatus capable of producing sewing data used for form-
ing underlying stitches 1n an embroidery arca, and also
relates to a method of producing embroidery data.

2. Description of Related Art

Conventionally, sewing data for forming stitches 1n an
embroidery pattern was produced by determining coordi-
nates of the positions where each needle 1s dropped. In
recent years, an embroidery data processing apparatus has
been developed and widely used which 1s able to semiau-
tomatically produce sewing data for forming an embroidery
pattern, by defining a set of embroidery data that specily the
shape, position and size of an embroidery area, direction of
stitches and thread density in the area, and the like. Where
embroidering 1s performed to fill or cover the interior of a
closed areca with stitches, in particular, underlying stitches
may be formed in order to make the embroidered arca
three-dimensional or swollen, and to prevent a work cloth
from shrinking, or being drawn together by the stitches, as
the embroidering operation proceeds. Thus, an apparatus for
producing and processing sewing data for forming underly-
ing stitches has been proposed and used 1n general. In a
known method of producing such sewing data for forming
underlying stitches, an underlying stitch area outline that
defines the shape of an area 1n which underlying stitches are
formed 1s produced or drawn 1nside a closed area that is
enclosed by an outline for defining the shape of an embroi-
dery area, and sewing data for forming underlying stitches
1s produced based on the underlying stitch area outline. Such
a device 1s disclosed 1n U.S. Pat. No. 5,299.514, the disclo-
sure of which 1s mncorporated by reference herein.

If the known method of producing sewing data as
described above 1s applied to the case where the outline
defining the shape of the embroidery area intersects with
itself at a point or points, however, the underlying stitch arca
outline defining the shape of the area 1n which underlying
stitches are formed may be drawn outside the embroidery
arca, as shown 1n FIG. 10, thus making it 1impossible to
produce sewing data for forming underlying stitches appro-
priately go.

SUMMARY OF THE INVENTION

It 1s therefore an object of the invention to provide an
embroidery data processing apparatus capable of producing
sewing data for forming appropriate underlying stitches
even 1n the case where an outline that defines the shape of
an embroidery area intersects with itself, and to provide a
method of producing such embroidery data.

The above object may be accomplished according to the
principle of the mvention, which provides an embroidery
data processing apparatus for producing embroidery data
used for forming underlying stitches in a closed area that 1s
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enclosed by an outline that defines a shape of an embroidery
arca, the apparatus comprising dividing means for dividing
the outline into a plurality of segmental outlines at at least
one sclf-intersecting point at which the outline intersects
with itself, the segmental outlines defining a plurality of
secgmental closed areas, respectively, which are connected to
cach other at the at least one self-intersecting point; under-
lying stitch outline setting means for establishing a plurality
of segmental underlying stitch area outlines that define
respective shapes of a plurality of segmental underlying
stitch arecas in which underlying stitches are formed, such
that each of the segmental underlying stitch areas 1s located
inside a corresponding one of the plurality of segmental
closed arecas defined by the segmental outlines into which
the outline 1s divided by the dividing means; and underlying
stitch data producing means for producing segmental under-
lying stitch data used for forming underlying stitches 1n each
of the plurality of segmental underlying stitch areas defined

by the segmental underlying stitch areca outlines.

In the embroidery processing apparatus according to the
invention, where the outline defining the shape of the
embroidery area intersects with itself at at least one seli-
intersecting point, the dividing means divides the outline at
the at least one self-intersecting point into a plurality of
scomental outlines that defines a plurality of segmental
closed areas. Then, the segmental underlying stitch arca
outline setting means establishes segmental underlying
stitch area outlines that define respective shapes of the areas
in which underlying stitching is performed, such that each of
the underlying stitch area outlines 1s located inside a corre-
sponding one of the segmental closed areas defined by the
secgmental outlines 1nto which the above outline 1s divided.
Subsequently, the segmental underlying stitch data produc-
ing means produces the segmental underlying stitch data for
cach of the segmental underlying stitch areas defined by the
secgmental underlying stitch area outlines. Thus, the appa-
ratus of the invention i1s able to produce sewing data for
forming appropriate underlying stitches even where the
outline intersects with itself at a point or points.

The embroidery data processing apparatus of the mven-
tion may further include segmental underlying stitching start
and end point setting means for setting a segmental under-
lying stitching start point and a segmental underlying stitch-
ing end point for each of the plurality of segmental under-
lying stitch areas. By setting the segmental underlying
stitching start point and segmental underlying stitching end
point by this underlying stitching start and end point setting
means, the invention 1s able to produce sewing data with
which underlying stitches can be very efficiently formed in
cach of the segmental underlying stitch areas.

The embroidery data processing apparatus of the mven-
tion may further include means for determining the sewing
order 1n each of the segmental closed areas, such that
immediately after underlying stitches are formed in one of
the segmental underlying stitch areas, stitches are formed in
one of the segmental closed areas that contains the above-
indicated one of the segmental underlying stitch areas.
Namely, after stitching of one segmental closed area 1is
completed, stitching of the next segmental closed area is
started, thus eliminating a need to go back and forth between
the plural segmental closed areas. Thus, the apparatus of this
invention 1s able to produce sewing data that enables highly
ciiicient stitching operations.

The embroidery data processing apparatus of the mven-
tion may further include means for determining the sewing
order between the plurality of segmental closed areas.
Namely, sewing data that permits continuous and efficient
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stitching over a plurality of segmental closed arecas can be
produced based on the sewing order determined by the
sewing order determining means.

The embroidery data processing apparatus of the inven-
fion may further include connecting relationship storing
means for storing a connecting relationship between the
plurality of segmental closed areas, and auxiliary sewing
data producing means for producing auxiliary sewing data
used for forming continuous stitches over the plurality of
secgmental closed areas, based on the connecting relationship
between the segmental closed areas stored 1n the connecting,
relationship storing means. Thus, the apparatus of the inven-
fion 1s able to produce sewing data with which stitches can
be continuously formed over the plurality of segmental
closed areas with high efficiency.

Also, the embroidery data processing apparatus of the
invention may further include underlying stitching setting
means for setting each of the plurality of segmental closed
arcas to a selected value that indicates whether underlying
stitches are to be formed, and set value storing means for
storing the selected value to which each segmental closed
arca 1s set by the underlying stitching setting means. In this
case, the underlying stitching setting means can set each of
the segmental closed areas as to whether the underlying
stitching 1s to be performed 1n that area.

In the embroidery data processing apparatus as described
above, the underlying stitch outline setting means may
establish each of the segmental underlying stitch area
outlines, based on the selected value stored 1n the set value
storing means with respect to a corresponding one of the
secgmental closed areas. Thus, the apparatus of the mnvention
1s able to produce sewing data for forming underlying
stitches only for the segmental closed areas that have been
set to be provided with underlying stitches.

The embroidery data processing apparatus of the iven-
tion may further include selecting means for selecting at
least one segmental closed area from the plurality of seg-
mental closed areas. It 1s thus possible to select an arbitrary
secgmental closed area by the selecting means, and set the
selected segmental closed area to a selected one of the values
indicating whether underlying stitches are to be formed.

According to another aspect of the invention, there 1s
provided a method of producing an embroidery data used for
forming underlying stitches 1n a closed area that 1s enclosed
by an outline that defines a shape of an embroidery area,
comprising the steps of dividing the outline into a plurality
of segmental outlines at at least one self-intersecting point at
which the outline intersects with 1tself, the segmental out-
lines defining a plurality of segmental closed areas,
respectively, which are connected to each other at the at least
one self-intersecting point; establishing a plurality of seg-
mental underlying stitch area outlines that define respective
shapes of a plurality of segmental underlying stitch areas 1n
which underlying stitches are formed, such that each of the
secgmental underlying stitch areas 1s located inside a corre-
sponding one of the plurality of segmental closed areas
defined by the segmental outlines into which the outline 1s
divided; and producing segmental underlying stitch data
used for forming underlying stitches in each of the plurality
of segmental underlying stitch areas defined by the segmen-
tal underlying stitch area outlines.

The embroidery data producing method of the invention
may further include a step of setting a segmental underlying
stitching start point and a segmental underlying stitching end
point for each of the plurality of segmental underlying stitch
arcas, and/or a step of determining a sewing order 1n each of
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the segmental closed areas, such that immediately after
underlying stitches are formed i1n one of the segmental
underlying stitch areas, stitches are formed in one of the
secgmental closed areas that contains the above-indicated one
secgmental underlying stitch area. The embroidery data pro-
ducing method may also include a step of determining a
sewing order between the plurality of segmental closed
areas.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will be
described 1n detail with reference to the following figures
wherein:

FIG. 1 1s a perspective view of the overall arrangement of
an embroidery sewing machine and an embroidery data

processing apparatus according to an embodiment of the
mvention;

FIG. 2 1s a block diagram illustrating the electrical

arrangement of the embroidery data processing apparatus of
the embodiment of the invention;

FIG. 3 1s a flowchart illustrating an example of the sewing,
data producing operation performed by the embroidery data
processing apparatus of the embodiment;

FIG. 4 1s a flowchart 1llustrating details of a part of the
sewing data producing operation of FIG. 3 performed by the
embroidery data processing apparatus of the embodiment.

FIGS. 5a-5c¢ are views explaining a method of producing,
sewing data 1n the embroidery data processing apparatus of
the embodiment;

FIG. 6 1s a view showing one example of underlying
stitching setting means of the embroidery data processing
apparatus of the embodiment;

FIG. 7 1s a view explaining underlying stitching set value
storing means of the embroidery data processing apparatus
of the embodiment;

FIGS. 8a-8d are views schematically showing sewing

data produced by the embroidery data processing apparatus
of the embodiment;

FIGS. 9a-9b are views explaining connecting relationship
storing means of the embroidery data processing apparatus
of the embodiment;

FIG. 10 1s a view explaining a problem 1n a method of
producing sewing data for performing underlying stitching
in a known embroidery data processing apparatus;

FIG. 11 1s a view schematically showing sewing data
produced by the embroidery data processing apparatus of the
embodiment;

FIG. 12 1s a flowchart showing details of step S1 of the
flow chart shown 1n FIG. 3;

FIG. 13 1s a flowchart showing details of step S3 of the
flowchart shown 1n FIG. 3;

FIG. 14 1s a flowchart showing details of step S6 of the
flowchart shown 1n FIG. 3; and

FIG. 15 1s a flowchart showing details of step S7 of the
flowchart shown 1n FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A preferred embodiment of the invention will be
described 1n detail hereinafter with reference to the accom-
panying drawings.

The embroidery sewing machine used together with an
embodiment of the embroidery data processing apparatus
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will be briefly described, although not detailed 1n the draw-
ings. The embroidery sewing machine forms an embroidery
pattern 1n a work cloth held by an embroidery frame
disposed on a bed, by operating a horizontal motion mecha-
nism to move the embroidery frame to predetermined posi-
tions indicated by the X-Y coordinate system provided
specifically for the sewing machine while operating a sew-
ing needle and a shuttle mechanism to stitch.

The horizontal motion mechanism, the needle bar and the
like are controlled by a control device formed of a micro-
computer and the like. The control device receives embroi-
dering stitch (needle pierce) data that designates a displace-
ment (needle pierce position) of the work cloth in the X and
Y-directions for each stitch and, thereby, 1s able to automati-
cally perform the embroidering operation. In this
embodiment, the embroidery sewing machine 1s equipped
with a communication device for receiving embroidery
stitch data from an external device. The embroidery data
processing apparatus of this embodiment has a function for

generating such embroidery stitch data.

FIG. 1 shows the overall arrangement of a sewing
machine and an embroidery data processing apparatus
according to the embodiment. The embroidery sewing
machine 25 1s structured to receive embroidery data from a
personal computer 1 through a communication cable 20. The
embroidery sewing machine 25 has a display 23 for dis-
playing various messages, such as a message to instruct a

user to change the embroidery thread to a different-color
thread, and the like.

FIG. 2 1llustrates the electrical arrangement of the embroi-
dery data processing apparatus of the embodiment. The
apparatus includes a central processing unit (CPU) 11, a
read-only memory (ROM) 12, a random-access memory
(RAM) 13, an input interface 15 and an output interface 18
which are interconnected by a bus 14. The CPU 11 controls
the entire embroidery data processing apparatus while trans-
mitting and receiving various data and signals. The ROM 12
stores programs and data for control of the embroidery data
processing apparatus. The RAM 13 erasably stores data to

be inputted from a keyboard 16 (FIGS. 1 and 2) or an
external storage device (not shown).

The embroidery data processing apparatus (FIGS. 1 and
2) 1s equipped with a cathode-ray tube (CRT) display 19
connected to the output interface 18. The CRT display 19
displays various graphics indicating the shapes of embroi-
dery patterns, various messages, and the like.

The keyboard 16 and a mouse 17 are connected to the
CPU 11, via the mput interface 15. The keyboard 16 has an
arrangement of operating keys for a user to input
Instructions, such as selection of an operation, execution of
an operation, and the like. The mouse 17 1s a pointing device
for, for example, producing or selecting an outline that
defines an embroidery shape on the CRT display 19.

The communication cable 20 1s connected to the embroi-
dery data processing apparatus by the output interface 18.
The embroidery data processing apparatus transmits gener-
ated embroidery data to the embroidery sewing machine 25
through the communication cable 20.

Referring next to FIGS. 3, 4, 12, 13, 14 and 15, the
operations of the embroidery data processing apparatus of
the 1nvention structured as described above will be
described. In the embodiment, underlying stitch data and
embroidery stitch data are produced for areas that are
defined by an outline m shown 1n FIGS. Sa—5c¢. The outline
m has a stitching start point S and a stitching end point E
which are set in advance by the user to respective positions
as shown 1n FIG. Sa.
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Once a program stored 1in the ROM 12, for producing
embroidery data, 1s started, the directions of stitches are set
by the user in step S01 and the stitching start point S and
stitching end point E are set by the user 1n step S02. Then,
step S1 1s executed to extract a self-intersecting point or
points of the outline m. In the example shown 1n FIG. 3a,
two self-intersecting points Al, A2 are extracted. The pro-
cessing for extracting the self-intersecting points in step S1
will be described 1n detail with reference to the flow chart of
FIG. 12. It 1s assumed that the outline m shown in FIG. 5a
1s a bent outline, as shown 1n FIG. 11, formed by serially
connecting outline-defining points P1-P16.

In step S101, the number K of points defining the outline

L 1s counted. In the example shown 1n FIG. 11, the number
K equals 16.

In step S102, a counter t 1s initialized to 1.

In step S103, a counter r is initialized to t+2 (that 1s, 3 in
this case).

In step S104, it 1s determined whether the value of the
counter r 1s equal to or less than the number K of the
outline-defining points. Since the value r 1s presently 3 and
the number K 1s presently 16, the determination in step S104
1s YES, and the operation proceeds to step S105.

In step S105, 1t 1s determined whether a line segment of
pt to pt+1 and a line segment of pr to pr+1 intersect each
other. In the present stage, 1t 1s determined whether the line
scgoment of P1 to P2 and the line segment of P3 to P4
intersect. Because the line segment of P1-P2 and the line
segment of P3—P4 do not intersect, as can be seen 1n FIG. 11,
the determination in step S105 1s NO, and the operation
jumps to step S107.

In step S107, the value of the counter r 1s 1ncremented
(r=4). The operation subsequently returns to step S104.
Similar processing 1s repeated until the value of the counter
r exceeds the number K (=16) of the outline-defining points.
When it 1s determined 1n step S104 that the counter value r
has exceeded the number K (NO in step S104), the operation
proceeds to step S108.

In step S108, the value of the counter t i1s incremented
(t=2).

Subsequently, 1n step S109, 1t 1s determined whether the
value of the counter t 1s equal to or less than the value
obtained by subtracting 2 from the number K of the outline-
defining points. Since the value t presently equals 2 and the
value (K-2) presently equals 14, the determination in step
S109 1s YES, and the operation returns to step S103.

The processing continues until the value of the counter t
equals 3 and the value of the counter r equals 14. Since the
line secgment P3—P4 and the line segment P14—P135 intersect,
the determination in step S105 1s YES, and the operation
proceeds to step S106.

In step S106, the coordinates of the itersecting point
between the line segment P3—P4 and the line segment
P14—P15 are determined, and stored into the RAM 13. That
1s, the coordinates of the self-intersecting point Al of the
outline m shown in FIG. 5a or FIG. 11 are extracted. The

operation then proceeds to step S107.

When the value of the counter t equals 7 and the value of
the counter r equals 12 after further processing as described
above, the determination 1n step S1035 1s YES since the line
secgment P7—P8 and the line segment P12—P13 intersect. The
operation then proceeds to step S106.

In step S106, the coordinates of the intersecting point
between the line segment P7-P8 and the line segment

P12-P13 are determined, and stored into the RAM 13. That
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1s, the coordinates of the self-intersecting point A2 of the
outline m shown 1n FIG. Sa or FIG. 11 are extracted. The
operation then proceeds to step S107.

Similar processing 1s repeated until the value of the
counter t becomes equal to 15. Since the value t (=15) is not
equal to nor smaller than the value K-2 (14), the determi-
nation 1n step S109 1s NO.

It 1s to be noted that when r=k, then pt+1 would be
undefined, 1.¢., non-existent point P17 in this example. Thus,
the routine uses P1, which 1s the next point on the outline as
pt+1.

The processing for extracting the self-intersecting points
of the outline m 1s completed by executing step S101
through step S109 as described above, and the flow of
control goes to step S2 1n FIG. 3.

In step S2, the outline m 1s divided at the self-intersecting
points extracted in step S1 into a plurality of segmental
outlines, and segmental closed areas that are defined by the
respective segmental outlines are established. Namely, in the
present embodiment, three segmental closed areas R1, R2,
R3 are defined by three segmental outlines nto which the
outline m 1s divided at two self-intersecting points Al, A2.

Step S3 1s then executed to determine the number N of the
scgmental closed areas established i1n step S2. In this
example, the value of N 1s 3.

The operation (step S3) of determining the number N of
the segmental closed areas will be described 1 detail with
reference to the flowchart of FIG. 13. In this connection, it
1s assumed that the outline m shown 1 FIGS. Sa—5c¢ 1s made
up of a polygonal line that 1s formed by serially connecting,

a plurality of outline-defining points P1 to P16, as shown 1n
FIG. 11.

In step S301 of the flow chart of FIG. 13 showing the
operation of counting the number N of the segmental closed
arcas, flags indicating retrieval of the individual points
defining the outline L for self-intersection search are set to
“OFF” (indicating unretrieved). A flag is set to “ON” when
the corresponding outline-defining point 1s retrieved for
self-intersection search 1n a later stage of the operation.

In step S302, the number N of segmental closed areas 1s
reset to 0.

In step S303, an unretrieved outline-defining point, that 1s,
a point that has not been retrieved for self-intersection
scarch, 1s searched for. Specifically, an outline-defining
point with the corresponding flag being “OFF” 1s searched
for, by serially checking the retrieval flags 1 the sequence
of the flags of the points P1 toward P16. In the present stage,
the pomnt P1 1s first detected as an unretrieved outline-
defining point.

In step S304, it 1s determined whether an unretrieved
outline-defining point has been found in step S303. Because
the point P1 was found as an unretrieved point and therefore
extracted 1n step S303 1n the present stage, the determination
in step S304 1s YES, and the operation proceeds to step

S305.

In step S305, the outline-defining point retrieved 1n step
S303 1s stored 1n the RAM 13 as a search starting point S for
the purpose of counting the number of segmental closed
arcas. In the present stage, the point P1 1s stored in the RAM
13 as a search starting point. The point P1 1s treated as a
current point for self-intersection search.

In step S306, the retrieval flag of the point P1, which 1s the
current point, is set to “ON” (indicating retrieved).

In step S307, the line segment from the current point P1
to the next point P2 1s checked for the presence of a
self-intersecting point of the outline m.
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In step S308, it 1s determined whether a seltf-intersecting
point of the outline m was found in the line segment
presently concerned 1n step S307. In the present stage, the
determination 1n step S308 1s NO because the line segment
P1-P2 does not have a self-intersecting point of the outline
m as shown m FIG. 11. The operation then goes to step

S310.

In step S310, the point P2, which has been used as the next
point, 1s set as a current point.

In step S311, the retrieval flag of the current point, that 1s,
the point P2, is set to “ON” (indicating retrieved).

In step S312, 1t 1s determined whether the current point
and the search starting point S are one and the same point.
As the current point P2 for the search and the search starting
point P1 are not the same, the determination in step S312 1s
NO, and the operation returns to step S307.

Similar processing continues until the current and next
points for search become the point P3 and the point P4,
respectively. In step S307, the line segment P3—P4 is
checked for the presence of a self-intersecting point of the
outline m. Because the line segment P3—P4 has a seli-
intersecting point Al of the outline m as shown 1n FIG. 11,
the presence of the self-intersecting point Al is confirmed in
step S307. The determination 1n step S308 therefore 1s YES,
and the operation proceeds to step S309.

In step S309, the end point of the vector (line segment)
intersecting with the presently-concerned line segment at the
self-intersecting point of the outline m 1s set as a current
point. In the present stage, the end point P15 of the vector
P14-P15 intersecting with the concerned line segment
P3—-P4 1s set as a current point for the next search for an
seli-intersecting point. The decision rule used 1n such a case
1s that the highest numbered point 1s selected.

In step S311, the retrieval flag of the current point P15 for
search 1s set to “ON”.

Because the current point P15 and the search starting
point P1 are not the same, the determination 1n step S312 1s
NO, and the operation returns to step S307.

Similar processing continues until step S310 sets the point
P1 as a current point for search, which occurs after the
current and next points for search have been set to the point
P16 and the point P1. In step S312, 1t 1s determined that the
current point P1 for search and the search starting point P1
arc the same point. The operation then proceeds to step

S313.

In step S313, the number N of segmental closed areas
(N=0) is incremented (to N=1). The operation then returns to

step S303.

In step S303, an unretrieved outline-defining point 1s
scarched for. In the present stage, the point P4 1s detected
and extracted as an unretrieved point because the point P4 1s
the first point with the corresponding retrieval flag being
“OFF” that 1s detected by serially checking the retrieval
flags of outline-defining points 1 the sequence of the flags
of pomts P1 toward P16.

In step S305, the point P4 1s set as a search starting point.

Similar processing continues until the current and next
points for search become the point P7 and the point P8,
respectively. Since the line segment P7-P8 has a seli-
intersecting point A2 of the outline m as shown 1n FIG. 11,
the presence of the self-intersecting point A2 on the line
scgment P7—P8 1s confirmed 1n step S307. The determina-
tion 1n step S308 theretfore 1s YES, and the operation
proceeds to step S309.

In step S309, the end point P13 of the vector P12-P13

intersecting the line segment P7—P8 1s set as a new current
point using the decision rule. The subsequent operation 1s
continued.
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Similar processing continues until the current and next
points for search become the point P14 and the point P15,
respectively. Since the line segment P14—P15 has the seli-
intersecting point Al of the outline m as shown 1n FIG. 11,
the presence of the self-intersecting point Al on the line
secgment P14-P15 1s confirmed 1n step S307. The determi-
nation 1n step S308 therefore 1s YES, and the operation
proceeds to step S309.

In step S309, the end point P4 of the vector P3—P4
intersecting the line segment P14—P135 is set as a new current
point using the decision rule.

In step S312, 1t 1s determined that the current point P4 and
the search starting point P4 are the same point. The operation
then proceeds to step S313.

In step S313, the number N of segmental closed areas
(N=1) is incremented (to N=2). The operation then returns to

step S303.

In step S303, an unretrieved outline-defining point 1s
scarched for. In the present stage, the point P8 1s detected
and extracted as an unretrieved point because the point P8 1s
the first point with the corresponding retrieval flag being
“OFF” that 1s detected by serially checking the retrieval
flags of outline-defining points in the sequence of the flags
of points P1 toward P16.

In step S3035, the point P8 is set as a search starting point.

Processing similar to that described above continues until
the current and next points for search become the point P12
and the point P13, respectively. In step S307, 1t 1s confirmed
that the self-intersecting point A2 of the outline m 1s present

on the line segment P12—P13. Theretore, the determination
in step S308 1s YES.

In step S309, the end point P8 of the vector P7-P8

intersecting the line segment P12—P13 1s set as a new current
point using the decision rule.

After the retrieval flag of the current point P8 1s set to
“ON” 1n step S311, 1t 1s determined 1n step S312 that the
current point P8 and the search starting point P8 are the same
point, and the operation proceeds to step S313.

In step S313, the number N of segmental closed areas
(N=2) is incremented (to N=3). The operation then returns to

step S303.

Since the retrieval flags of all the outline-defining points
P1-P16 have been set to “ON”, an unretrieved outline-
defining point cannot be detected 1n step S303. Therefore,
the determination in step S304 1s NO, and the operation goes

to step S4 1n FIG. 3.

The number N (=3) of segmental closed areas is thus
counted by the operation of steps S301 to S313.

In step S4 of the tlow chart shown 1n FIG. 3, the value of
a segmental closed area counter j 1s initialized to 0.

In the next step S5, a management flag for each of the
self-intersecting points Al, A2 of the outline m extracted in
step S1 1s set to “valid”. Reference will be made to this
management flag 1n a routine for determining the sewing
order, and a routine for determining segmental underlying
stitching start and end points as described later.

Step 6 1s then executed to store a connecting relationship
among the segmental closed areas. More specifically, the
connecting relationship among the segmental closed areas 1s
established 1n a hierarchical structure in which the segmental
closed area having the stitching end point 1s placed at the top
of the hierarchy, and this relationship is stored in RAM 13.
In this embodiment, the hierarchical structure 1s established
wherein the segmental closed area R3 having the stitching,
end point 1s placed at the top of the structure, and the
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secgmental closed area R2 connected to the area R3 1s placed
in the second stage, while the segmental closed area R1
connected to the area R2 1s placed in the third stage, as
shown 1n FIG. 9a. This connecting relationship 1s stored at
certain addresses in the RAM 13, as shown in FIG. 9b.
Namely, the RAM 13 stores, for each segmental closed area,
the number of segmental closed areas to which the segmen-
tal closed area in question is connected, and the name (R1,
R2, for example) of the areas to which the segmental closed

arca 1n question 1s connected, as shown 1n FIG. 9b.

The operation of step S6 will be described 1n detail with
reference to the flowchart of FIG. 14.

In step S601, the value of a counter r 1s initialized to 1.

In step S602, an outline self-intersecting point on a
secgmental outline enclosing a segmental closed area Rr 1s
extracted. In the present stage, the self-intersecting point Al
on a scgmental outline enclosing a segmental closed area R1
1s extracted.

In step S603, the value of the counter r (=1) is incre-
mented (to r=2).

In step S604, 1t 1s determined whether the value of the
counter r (=1) is greater than the number N (=3) of segmen-

tal closed areas. At this point, the determination 1n step S603
1s NO, and the operation returns to step S602.

In a similar manner, A1 and A2 are extracted as self-
intersecting points on the outline m that defines the segmen-
tal closed area R2, and A2 1s extracted as a self-intersecting
point on the outline m that defines the segmental closed area
R3. In step S603, the value (=3) of the counter r is incre-
mented (r=4).

In step S604, it is determined that the value (=4) of the
counter r is greater than the number N (=3) of the segmental
closed areas, and the control flow proceeds to step S605.

In step S605, flags indicating that the respective self-
intersecting points of the outline m have been checked are

set to OFE.

In step S606, the segmental closed area having the stitch-
ing end point 1s extracted. In this example, the segmental
closed area R3 having the stitching end point E 1s extracted
and set as a current arca. Step S607 1s then executed to
extract any self-intersecting point of the current area that has
not been checked. In this example, the self-intersecting point
A2 of the current area R3 1s extracted since this point A2 has
not been checked.

Step S608 determines whether the self-intersecting point
that has not been checked could be extracted 1n the previous
step S607. Since the self-intersecting point A2 was extracted
in the previous step S607 in this example, a YES decision 1s
obtained 1n step S608, and the control flow proceeds to step
S609. In step S609, the flag of the self-intersecting point A2
thus extracted 1s set to “ON”.

In step S610, another segmental closed areca having the
same self-intersecting point A2, other than the current area,
1s specified as a subordinate area of the current area. In this
example, the segmental closed areca R2 1s extracted as
another segmental closed area having the self-intersecting
point A2, and specified as a subordinate arca of the segmen-
tal closed area R3 as the current area.

In step S611, the current area 1s set as a superior area of
the segmental closed area that was specified as the subor-
dinate area of the current areca. Namely, 1n this example, the
secgmental closed arca R3 1s set as a superior arca of the

secgmental closed area R2, and this relationship 1s stored in
RAM 13.

In step S612, the scgmental closed area that was specified
as the subordinate area of the current area 1S set as a new
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current area. Namely, 1n the present example, the segmental
closed area R2 becomes the new current area. The control

flow then returns to step S607.

In step S607, the flags of the self-intersecting points Al,
A2 of the outline m that define the current areca R2 are

checked, and the self-intersecting point A1 whose flag 1s

“OFF” that indicates that the point A2 has not been checked
1s extracted.

In step S608, a YES decision 1s obtained since the

self-intersecting point Al was extracted 1n the previous step
S607. The control flow then goes to step S609.

In step S609, the check flag of the extracted self-
intersecting point Al 1s set to “ON”.

In step S610, the segmental closed area R1 1s extracted as
another segmental closed area having the self-intersecting
point Al, and specified as a subordinate area of the segmen-
tal closed areca R2 as the current arca. In step S611, the
secgmental closed arca R2 1s set as a superior arca of the
secgmental closed area R1, and this relationship 1s stored in
RAM 13. In step S612, the segmental closed area R1 1s set

as a new current area. The control flow then returns to step
S607.

In step S607, any selif-intersecting point of the current
arca R1 that has not been checked 1s extracted, but no such
point can be extracted since all of the self-intersecting points
have been checked at this point 1n the current cycle.

Since no self-intersecting point that has not been checked
was extracted in the previous step S607, a NO decision 1s

obtained 1n step S608, and the control flow proceeds to step
S613.

Step S613 determines whether the current area 1s the same
as the segmental closed area having the stitching end point.
In this example, a NO decision 1s obtained 1n step S613 since
the current area R1 1s not the same as the segmental closed
arca R3 having the stitching end point, and the control flow
proceeds to step S614.

In step S614, the segmental closed area that has been set
as the superior area of the current area 1s set as a new current
arca. In this example, the segmental closed area R2 defined
as the superior area of the current areca R1 1s set as a new
current area. The control flow then returns to step S607.

After stmilar processing 1s performed in step S607 and
step S608, step S613 determines that the current area R2 1s
not the same as the segmental closed area R3 having the
stitching end point. In step S614, the secgmental closed arca
R3 that has been set as the superior area of the current areca

R2 1s set as a new current area, and the control flow returns
to step S607.

After steps S607 and S608 are executed mn a similar
manner, step S613 finally determines that the current arca R3
1s the same as the segmental closed area R3 having the

stitching end point, and the control flow goes to step S7 of
FIG. 3.

By performing the operation of step S601 through step
S614 as described above, the connecting relationship among
the segmental closed arecas as shown in FIG. 9a 1s estab-

lished.

In step S7 of the flow chart shown 1n FIG. 3, the CPU 11
receive a setting for each segmental closed area as to
whether underlying stitches are to be formed 1n the area. If
it 1s assumed 1n the 1nitial setting that underlying stitches are
to be formed 1n all of the segmental closed areas, step S7
enables the user to select a certain segmental closed area or
arcas so that the underlying stitches will not be formed 1n the
selected areas. More specifically, the user may point to the
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secgmental closed area R3, for example, with a pointer of a
mouse 17, out of the segmental closed arcas that are dis-
played on a part of a screen of the CRT display 19, and press
a button of the mouse 17 to select the segmental closed area
R3. FIG. 5b shows a part of the screen of the CRT display
19 that appears when the segmental closed arca R3 1s
selected. In the display of FIG. 5b, the smallest rectangle
that can surround the selected segmental closed area R3 1s
indicated by a broken line.

Subsequently, the user sets the selected segmental closed
arca R3 to a value that indicates that underlying stitches are
not to be formed 1n this area, 1n a dialog box displayed in
another part of the CRT display 19 for setting of underlying,
stitching as shown 1n FIG. 6. In this connection, it 1s possible
for the user to change the value that has been set for each
secgmental closed area as to whether underlying stitching is
to be performed in the arca, by selecting the segmental
closed area again by the operating method as described
above. Then, 1n the step S7, the set value for each segmental
closed arca as to whether underlying stitching 1s to be
performed 1s stored in RAM 13, based on the setting
operation by the user. FIG. 7 shows data that 1s stored in
RAM 13 1n this step. As shown 1n FIG. 7, the total number
of segmental closed areas 1s 1nitially stored at a predeter-
mined address, and then the set value with regard to under-
lying stitching 1n each segmental closed area 1s stored one
after another.

The operation 1n the above-described step S7 will be
described 1n detail with reference to the flowchart of FIG.

15.

In step S71, the CPU 11 receives a segmental closed area
that has been selected by the user. Step S72 1s then executed
to store the selected segmental closed area. In this example,
the segmental closed arca R3 1s stored in the RAM 13 as the
selected area.

In step S73, a display as shown 1 FIG. 5b 1s provided to
indicate that the segmental closed area R3 has been selected.

In step S74, the CPU 11 receives a setting by the user with
regard to underlying stitching. In this step, the user sets the
selected segmental closed area to one of two values indi-
cating whether underlying stitching 1s to be performed,
using the dialog box shown in FIG. 6.

In step S75, the value set 1n the above step S74 with
regard to underlying stitching 1s stored in RAM 13. In this
example, the RAM 13 stores the set value that indicates that

underlying stitching 1s not to be performed 1n the segmental
closed area R3.

Step S76 determines whether the user wishes to continue
the setting operation. If the user selects another segmental
closed area, or changes the setting for underlying stitching,
a NO decision 1s obtained 1n step S76, and the control flow
returns to step S71. If the user finishes the setting operation,
a YES decision 1s obtained 1n step S76, and the control flow
proceeds to step S8 1 FIG. 3.

In the operation of steps S71 through S76 as described
above, the user can set whether underlying stitching 1s to be
performed 1n the area for each segmental closed area.

In step S8 of the flow chart shown 1n FIG. 3, a segmental
closed arca that 1s ready to be stitched 1s specified. More
specifically, a segmental closed area that has only one
“valid” self-intersecting point of the outline m 1s specified,
where the stitching end point E 1s also regarded as a
provisional “valid” self-intersecting point. Namely, 1n this
example, the segmental closed arca R1 has one seli-
intersecting point Al, and the area R2 has two self-
intersecting points Al, A2, while the arca R3 has one
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self-intersecting point A2 and the stitching end point E.
Accordingly, the segmental closed area R1 1s specified as a
secgmental closed area that 1s ready to be 1nitially stitched.
Although a plurality of segmental closed areas may be
judged as segmental closed arecas that are ready to be
stitched, depending upon the value of the total number N of
the segmental closed areas or the position of the stitching
end point E, any of these segmental closed areas with a
single self-intersecting point may be specified. For example,
the segmental closed arca that 1s judged at first as being
ready to be stitched may be speciiied as the area that 1s to be
initially stitched.

In step S9, running stitch data 1s produced as auxiliary
sewing data for forming running stitches from the stitching
start point as the current sewing point to the segmental
closed areca specified as being ready to be stitched 1n step S8.
In this example, the switching start point S 1s located on the
secgmental outline defining the segmental closed arca R2,
and the segmental closed area R2 1s connected to the
specified segmental closed area R1 according to the rela-
tionship among the segmental closed areas stored 1n step S6.
In this step, therefore, running stitch data 1s produced for
forming running stitches from the stitching start point S to
the self-intersecting pomnt Al of the outline m that 1s a
connecting point between the segmental closed areas Rl,
R2, such that the stitches pass through the interior of the
secgmental closed area R2. Then, the current sewing point 1s
updated to the self-intersecting point Al.

In the case where the segmental closed area having the
stitching start point 1s not located adjacent to the segmental
closed area specified as being ready to be stitched, the
running stitches may be formed through another segmental
closed area or areas. In such cases, data representing a path
that extends from the segmental closed arca having the
current sewing point to the intermediate segmental closed
arca through which the specified area 1s reached 1s mnitially
produced. Subsequently, running stitch data 1s produced for
forming running stitches from the current sewing point to
the connecting point between the segmental closed area
having the current point and the next segmental closed areca
on the path, through the interior of the segmental closed arca
having the current point. Then, the connecting point is set as
the current sewing point.

The above operation 1s performed with respect to each
scomental closed area on the path, so that continuous
running data 1s produced for forming running stitches from
the current sewing point to the segmental closed arca
specifled as being ready to be stitched. The running stitch
data may be produced as data representing a certain path that
does not stray or depart from each segmental closed arca
located between the current sewing point and the specified
secgmental closed area.

In step S10, it 1s determined whether the segmental closed
arca R1 that 1s to be stitched first 1s set to the value indicating
that underlying stitching 1s to be performed. Since the
secgmental closed area R1 has been set 1in step S7 to the value
to perform underlying stitching, and this value has been

stored in RAM 13, a YES decision 1s obtained in step S10,
and the control flow goes to step S11.

In step S11, an outline of a segmental underlying stitch
arca 1s produced for the segmental closed area in which
underlying stitches are to be formed. In this example, a
segmental underlying stitch area outline nl may be produced
in a similar method to that of the known embroidery data
processing apparatus, based on the segmental outline that
defines the segmental closed area R1. Thus, a segmental
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underlying stitch area Ul that 1s defined by the segmental
underlying stitch area outline nl 1s established as shown in
FIG. 3c.

In step S12, underlying stitching start point and underly-
ing stitching end point to be used 1n an underlying stitching
operation are set for the segmental underlying stitch area Ul
established 1n step S11. The operation performed 1n this step
will be described in detail with reference to FIG. 4.

Step 121 1s mmtially executed to extract point P1 on the
secgmental underlying stitch area outline nl, which point is
closest to the self-intersecting point Al of a portion of the
outline m that defines the segmental closed area R1.

In step S122, 1t 1s determined whether the stitching end
point E 1s located 1n the segmental closed area R1 that was
speciflied 1n step S8 as being ready to be stitched. Since the
stitching end point E 1s not located in the segmental closed
arca R1, the control flow goes to step S124 1in which point
P1 on the segmental underlying stitch area outline nl that
was extracted 1n step S121 1s set to a segmental underlying
stitching end point for the segmental underlying stitch arca

Ul.

In step S125, the point P1 on the segmental underlying
stitch area outline nl that was extracted in step S121, which
1s the closest point to the current sewing point, namely, the
seli-intersecting point Al of the outline m, 1s set to the
secgmental underlying stitching start point for the segmental
underlying stitch area Ul. In the processing heretofore
described, setting of the segmental underlying stitching start
point and segmental underlying stitching end point 1s
accomplished, and the control flow goes to step S13 shown

in FIG. 3.

In step S13, sewing data i1s produced for performing
underlying stitching 1n the segmental underlying stitch area
U1l. In this step, underlying stitch data 1s produced based on
the segmental underlying stitching start point and segmental
underlying stitching end point that were set 1 step S12.
Initially, running stitch data 1s produced for forming running
stitches that connect the self-intersecting point Al of the
outline m as the current sewing point, and the segmental
underlying stitching start point P1 of the segmental under-
lying stitch arca Ul. Then, sewing data for forming under-
lying stitches 1s produced by a similar method to that of the
known embroidery data processing apparatus, with the point
P1 being regarded as the segmental underlying stitching start
point and segmental underlying stitching end point. In this
example, the direction of underlying stitches 1s set 1n
advance by the user to the lateral direction as viewed 1n
FIGS. 5a—5c or FIGS. 8a-8d. FIG. 8a schematically shows
stitches that have been formed at this point of the control
cycle. Then, the current sewing point 1s updated to P1.

In the next step S14, sewing data 1s produced so that the
interior of the segmental closed area R1 1s filled waith
stitches. In step S14, the segmental stitching starting point
and segmental stitching end point for the segmental closed
arca R1 are 1mitially determined. In the following
description, the method for determining the segmental
stitching start point and segmental stitching end point for

cach of the segmental closed arcas R1, R2, R3 will be
described.

In the example shown 1n FIG. 54, there are three seg-
mental closed areas R1, R2, R3, and the stitching start point
S for the whole closed area 1s set to lie on the segmental
outline that defines the arca R2, and the stitching end point
E 1s set to lie on the segmental outline that defines the arca
R3. The order of sewing the segmental closed areas 1is
determined based on the connecting relationship among
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these areas, so that stitching 1s first performed 1n the area R1,
then 1n the area R2 and finally 1n the area R3. Accordingly,
the self-connecting point Al as the connecting point
between the area R1 to be stitched first and the area R2 to
be stitched next 1s determined to be the stitching end point
for the segmental closed arca R1 and the stitching start point
for the segmental closed areca R2. Also, the self-connecting
point A2 as the connecting point between the areca R2 to be
stitched after the arca R1 and the area R3 to be finally
stitched 1s determined to be the stitching end point for the
secgmental closed area R2 and the stitching start point for the
secgmental closed area R3. Because the stitching start point
S for the whole closed arca lies on the segmental outline that
defines the segmental closed area R2, and the segmental
closed area R1 1s set to be stitched 1n the first place, the
self-connecting point Al connecting the areas R2 and R1 1s
determined to be the segmental stitching start point for the
secgmental closed area R1. Since the stitching end point E for
the whole closed area lies on the segmental outline that
defines the segmental closed arca R3, the stitching end point
E 1s determined to be the segmental stitching end point for
the segmental closed area R3.

In the manner as described above, 1n step S14, the
secgmental stitching start point and segmental stitching end
point for the segmental closed areca R1 are set to the
self-intersection point Al. The direction of stitches 1s set 1n
advance by the user to the direction perpendicular to the
direction of underlying stitches in the segmental underlying
stitch arca Ul, namely, the vertical direction as viewed 1n
FIGS. Sa—5c or FIGS. 8a-8d (S01). After producing running
stitch data for forming running stitches connecting the
current sewing point P1 and the point Al as the segmental
stitching start point of the segmental closed area R1, sewing
data for forming embroidery stitches in the interior of the
secgmental closed area R1 1s produced by a method similar
to that of the known embroidery data processing apparatus.
Such stitching 1s described 1 U.S. Pat. No. 5,576,968, the
disclosure of which 1is 1ncorp0rated oy reference herein.
Then, the current sewing point 1s updated to Al. FIG. 8b
schematically shows stitches that have been formed at this
point of the control cycle.

In step S15, the management flag of the self-intersecting
point Al of the outline m that 1s present in the segmental
closed area R1 1s set to “invalid”.

In step S16, the value of the segmental closed area counter
j (=0) is incremented (j=1).

In step S17, it 1s determined that the value of the seg-
mental closed area counter j (=1) is not equal to the total

number N (=3) of the segmental closed areas, and the control
flow returns to step S8 as described above.

In step S8, the segmental closed area which 1s now ready
to be stitched 1s specified. More specifically, the segmental
closed area having only one “valid” self-intersecting point of
the outline m 1s specified, where the stitching end point E 1s
also regarded as a provisional “valid” self-intersecting point.
Although the segmental closed area R2 has two self-
intersecting points Al, A2, only the point A2 1s counted as
the valid self-intersecting point because the management
flag of Al has been set to “invalid” 1n step S15 of the last
cycle. The areca R3 has two self-intersecting points, that is,
the point A2 and the stitching end point E. Accordingly, the
secgmental closed area R2 1s specified as being ready to be
stitched next.

In step S9, running stitch data 1s produced as auxiliary
sewing data for forming running stitches from the seli-
intersecting point Al of the outline m as the current sewing
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point to the segmental closed arca R2 that was specified 1n
step S8 as being ready to be stitched. As the self-intersecting
point Al of the outline m 1s the current sewing point and 1s
present 1n the segmental closed area R2 1n this example,
running stitch data as auxiliary sewing data 1s not produced
as 1t 1S unnecessary.

Step S10 1s then executed to determine whether the
secgmental closed area R2 that 1s to be stitched next 1s set to
the value indicating that underlying stitching 1s to be per-
formed. Since this segmental closed area R2 has been set in
step S7 to the value to perform underlying stitching, and this
value has been stored in ROM 13, a YES decision 1s

obtained 1n step S11, and the control flow goes to step S11.

In step S11, a segmental underlying stitching area outline
n2 1s produced for the segmental closed area R2 1n which
underlying stitches are to be formed. Thus, a segmental
underlying stitch area U2 that 1s defined by the segmental

underlying stitch area outline n2 1s established, as shown 1n
FIG. Sc.

Step S12 1s then executed to set or determine the seg-
mental underlying stitching start point and segmental under-
lying end point used when forming underlying stitches in the
secgmental underlying stitch area U2 established in step S11.
The operation performed in this step will be described with
reference to FIG. 4.

Step 121 1s mnitially executed to extract points P2, P3 on
the segmental underlying stitch area outline n2, which points
are respectively closest to the self-intersecting points Al, A2

of the outline m that are present i the segmental closed area
R2.

In step S122, it 1s determined whether the stitching end
point E for the whole area 1s located 1n the segmental closed
arca R2 that was specified 1n step S8 as being ready to be
stitched. Since the stitching end point E 1s not located 1n the
segmental closed area R2, the control flow goes to step S124
in which point P3 on the segmental underlying stitch area
outline n2 that is closest to the “valid” self-intersecting point
A2 15 selected from points P2, P3 on the segmental under-
lying stitch area outline n2 that were extracted 1n step S121,
and this point P3 1s set to a segmental underlying stitching,
end point for the segmental underlying stitch area U2. If the
stitching end point E 1s located 1n the segmental closed arca
R2, a YES decision 1s obtained 1n step S122, and step S123
1s then executed so that a point on the segmental underlying
stitch area outline n2 that 1s extracted in step S121, which 1s
the closest point to the stitching end point E, 1s set to the
secgmental underlying stitching end point for the segmental
stitching area U2.

In step S125, point P2 on the segmental underlying stitch
arca outline n2 that was extracted 1n step S121, which 1s the
closest point to the current sewing point, namely, the seli-
intersecting point Al of the outline m, 1s set to the segmental
underlying stitching start point for the segmental underlying,
stitch area U2. In the operation as described so far, setting of
the segmental underlying stitching start point and segmental
underlying stitching end point 1s accomplished, and the
control flow goes to step S13 shown 1n FIG. 3.

In step S13, sewing data i1s produced for performing
underlying stitching 1n the segmental underlying stitch area
U2. In this step, underlying stitch data 1s produced based on
the segmental underlying stitching start point and segmental
underlying stitching end point determined in step S12.
Initially, running stitch data 1s produced for forming running
stitches that connect the self-intersecting point Al of the
outline m as the current sewing point, and the segmental
underlying stitching start point P2 of the segmental under-
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lying stitch area U2. Then, sewing data for forming under-
lying stitches 1s produced by a similar method to that of the
known embroidery data processing apparatus, with the point
P2 being regarded as the segmental underlying stitching start
point and the point P3 being regarded as the segmental
underlying stitching end point. In this example, the direction
of underlying stitches i1s set 1n advance by the user to the

lateral direction as viewed 1n FIGS. 5a—5c¢ or FIGS. 8a—-8d.
Then, the current sewing point 1s updated to P3.

In the next step S14, sewing data 1s produced so that the
interior of the segmental closed area R2 1s filled waith
stitches. In step S14, the segmental stitching starting point
and segmental stitching end point for the segmental closed
arca R2 are set to the self-intersecting point Al of the outline
m and the self-intersecting point A2 of the outline m,
respectively, as described above with respect to step S14 1n
the last cycle. The direction of stitches 1s set in advance by
the user to the direction perpendicular to the direction of
underlying stitches 1n the segmental underlying stitch area
U2, namely, the vertical direction as viewed 1n FIGS. Sa—5c¢
or FIGS. 84-8d. After producing running stitch data for
forming running stitches that connect the current sewing
point P3 and point Al as the segmental stitching start point
of the segmental closed arca R2, sewing data for forming
embroidery stitches 1n the interior of the segmental closed
arca R2 1s produced by a similar method as employed in the
known embroidery data processing apparatus. Then, the
current sewing point 1s updated to A2. FIG. 8c schematically
shows stitches that have been formed at the current point of
the control cycle.

In step S15, the management flag of the self-intersecting,
point A2 of the outline m that 1s present in the segmental
closed area R2 1s set to mvalid.

In the next step S16, the value of the segmental closed
area counter j (=1) is incremented (j=2).

In step S17, it 1s determined that the value of the seg-
mental closed area counter j (=2) is not equal to the total
number N (=3) of the segmental closed areas, and the control
flow returns to step S8 as described above.

In step S8 of the flowchart shown 1n FIG. 3, a segmental
closed area that 1s ready to be stitched next 1s specified. More
specifically, a segmental closed area that has only one
“valid” self-intersecting point of the outline m 1s specified,
where the stitching end point E 1s also regarded as a “valid”
self-intersecting point. Namely, 1n this example, the remain-
ing scgmental closed area R3 has the self-intersecting point
A2 and the stitching end point E, but only the stitching end
point E 1s counted as the valid point since the management
flag of A2 has been set to invalid 1n step S135 1n the last cycle.
Accordingly, the segmental closed area R3 is specified as
being ready to be stitched next.

In step S9, running stitch data 1s produced as auxiliary
sewing data for forming running stitches from the seli-
intersecting point A2 of the outline m as the current sewing
point to the segmental closed area R3 that was specified in
step S8 as being ready to be stitched. Since the seli-
intersecting point A2 of the outline m 1s the current sewing
point and 1s located 1n the segmental closed area R3 1 this
example, running stitch data as auxiliary sewing data 1s not
necessary and not produced.

Step S10 1s then executed to determine whether the
secgmental closed area R3 that 1s to be stitched next 1s set to
the value indicating that underlying stitching is to be per-
formed. Since the segmental closed area R3 was set 1n step
S7 to a value that indicates that underlying stitching is not
to be performed 1n this area R3, and this value is stored in
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RAM 13, a NO decision 1s obtamed in step S10, and the
control flow goes to step S14.

In step S14, sewing data 1s produced so that the interior
of the segmental closed area R3 1s filled with stitches. In this
step, the segmental stitching starting point and segmental
stitching end point for the segmental closed area R3 are set
to the self-intersecting point A2 of the outline m and the
sewing end point E, respectively, in the manner as described
above with respect to step S4 1n the previous cycles. It 1s
assumed that the direction of stitches 1s set in advance by the
user to the vertical direction as viewed 1 FIGS. Sa—5c¢ or
FIGS. 8a-8d. Thereafter, sewing data for forming embroi-
dery stitches 1n the interior of the segmental closed area R3
1s produced by a similar method as employed 1n the previ-
ously 1dentified and incorporated by reference known
embroidery data processing apparatus. In particular, seg-
mental stitches are generated for the segmental closed arca
with one stitch point being end point E. A running stitch then
cgoes to the final generated stitch point in the segmental
closed areca and the embroidery stitching 1s done back to end
point E. Then, the current sewing point 1s updated to the
sewing end point E. FIG. 8d schematically shows stitches
that have been formed at this point of the current cycle.

In step S15, no operation 1s performed since the segmental
closed arca R3 has no “valid” self-intersecting point of the
outline m. In the next step S16, the value of the segmental
closed area counter j (=2) is incremented (=3).

In step S17, 1t 1s determined that the value of the seg-
mental closed area counter j (=3) is equal to the total number
N (=3) of the segmental closed areas, and the routine of FIG.
3 for producing sewing data 1s finished.

The sewing data produced as described above 1s trans-
mitted to the embroidery sewing machine 25 via the output
interface 18 and the communication cable 20 as shown in
FIG. 2, and an embroidery pattern 1s produced according to
the sewing data.

As described above, where the outline m that defines the
shape of an embroidery area intersects with itself, the outline
m 1s divided into a plurality of segmental outlines at the
self-intersecting points in step S2, and segmental underlying
stitch area outlines that define the shape of areas in which
underlying stitches are formed are established in step S11.
Then, underlying stitch data for each segmental underlying
stitch area 1s produced 1n step S13. Thus, the embroidery
data processing apparatus of the mvention 1s able to produce
sewing data for performing appropriate underlying stitching.

In the operation of step S12, the segmental underlying
stitching start point and segmental underlying stitching end
point are set for each of the segmental underlying stitch
arcas. Thus, the apparatus of the invention 1s able to produce
sewing data for performing underlying stitching on each
segmental underlying stitch area with improved efficiency.

Immediately after the underlying stitch data for one
secgmental closed area 1s produced 1n step S13, embroidery
data for the same segmental closed area 1s produced in step
S14. Thus, the apparatus of the invention 1s able to produce
sewing data with which sewing operations can be performed
with high efficiency without going back and forth between
different segmental closed areas.

Further, since the segmental closed area on which stitch-
ing 1s ready to be performed 1s specified one after another 1n
step S8, sewing data thus produced permits continuous and
ciiicient stitching over a plurality of segmental closed areas.

The connecting relationship among a plurality of segmen-
tal closed areas 1s stored 1n step S6, and running stitch data
1s produced as auxiliary stitch data in step S9. Thus, sewing
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data produced according to the invention permits continuous
and efficient stitching over a plurality of segmental closed
areas.

In the operation of step S7, the dialog box for setting
underlying stitching as shown 1n FIG. 6 1s used so that each
of a plurality of segmental closed areas can be set to a
selected one of two values indicating whether underlying
stitching 1s to be performed in the area, and the set value 1s
stored in RAM 13. Thus, each of the segmental closed arcas
can be independently set as to whether underlying stitching
1s to be performed 1n the area.

Further, the segmental underlying stitch area outline that
defines the shape of the underlying stitch area 1s established

in step S11, based on the underlying stitching set value
stored in RAM 13 1n step S7. Therefore, sewing data for
forming underlying stitches can be produced only for the
scomental closed areas that are set to be provided with
underlying stitches.

Also, the use of the mouse 17 allows the user to select a
certain segmental closed arca and set the selected area as to
whether underlying stitching is to be performed in the area.
In this arrangement, where the user judges that underlying
stitching 1s not necessary for a certain segmental closed arca
having a small area, for example, the segmental closed arca
can be set so that the underlying stitches will not be formed
in this area. This leads to a reduced volume of embroidery
data and reduced time required for embroidering.

In the illustrated embodiment, the operation of step S2 of
FIG. 3 functions as dividing means of the invention, and the
operation of step S11 functions as means for establishing
secgmental underlying stitch area outlines for the mmvention.
Step S13 functions as underlying stitch data producing
means for the invention. Further, step S12 functions as
secgmental underlying stitching start and end point setting
means, and steps S13 and S14 function as means for
determining a sewing order in each segmental closed area.
In addition, step S8 corresponds to means for determining a
sewing order between segmental closed areas, and step S9
functions as auxiliary stitch data producing means for the
invention. The dialog box for setting underlying stitching as
shown 1n FIG. 6, corresponds to underlying stitching setting
means for the invention, and RAM 13 corresponds to
connecting relationship storing means and underlying stitch-
ing set value storing means for the invention. The mouse 17
corresponds to selecting means for the invention.

While the embroidery data processing apparatus of the
1llustrated embodiment 1s adapted to produce sewing data
and transmits the sewing data to the embroidery sewing
machine, the apparatus of the invention may be structured to
transmit data on outlines, sewing attributes and other data to
the embroidery sewing machine, so that sewing data can be
produced within the embroidery sewing machine. Thus, the
invention may be embodied with various changes or
modifications, without departing from the principle of the
invention.

What 1s claimed 1s:

1. An embroidery data processing apparatus for producing
embroidery data used for forming underlying stitches 1n a
closed area that 1s enclosed by an outline that defines a shape
of an embroidery area, comprising:

dividing means for dividing the outline into a plurality of
secgmental outlines at at least one self-intersecting
point, a self-intersecting point being a point at which
the outline intersects itself, the segmental outlines
defining a plurality of segmental closed areas,
respectively, which are connected to each other at the
at least one self-intersecting point;
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underlying stitch outline setting means for establishing a
plurality of segmental underlying stitch area outlines
that define respective shapes of a plurality of segmental
underlying stitch areas in which underlying stitches are
formed, such that each of the segmental underlying
stitch areas 1s located 1nside a corresponding one of the
plurality of segmental closed areas defined by the
segmental outlines into which the outline 1s divided by
the dividing means; and

underlying stitch data producing means for producing
secgmental underlying stitch data used for forming
underlying stitches in each of the plurality of segmental
underlying stitch areas defined by the segmental under-
lying stitch area outlines.

2. The embroidery data processing apparatus as defined 1n
claim 1, further comprising underlying stitching start and
end point setting means for setting a segmental underlying
stitching start point and a segmental underlying stitching end
point for each of the plurality of segmental underlying stitch
areas.

3. The embroidery data processing apparatus as defined 1n
claim 1, further comprising means for determining a sewing
order 1n each of the segmental closed areas, such that
immediately after underlying stitches are formed in one of
the segmental underlying stitch areas, stitches are formed 1n
one of the segmental closed areas that contains the one of the
secgmental underlying stitch areas.

4. The embroidery data processing apparatus as defined 1n
claim 1, further comprising means for determining a sewing
order between the plurality of segmental closed areas.

5. The embroidery data processing apparatus as defined 1n
claim 1, further comprising;:

connecting relationship storing means for storing a con-
necting relationship between the plurality of segmental
closed areas; and

auxiliary sewing data producing means for producing
auxiliary sewing data used for forming continuous
stitches over the plurality of segmental closed areas,
based on the connecting relationship between the seg-
mental closed areas stored in the connecting relation-
ship storing means.

6. The embroidery data processing apparatus as defined 1n

claim 1, further comprising;:

underlying stitching setting means for setting each of the
plurality of segmental closed areas to a selected value
that 1ndicates whether underlying stitches are to be
formed; and

set value storing means for storing the selected value to
which said each segmental closed area 1s set by the
underlying stitching setting means.

7. The embroidery data processing apparatus as defined 1n
claim 6, wherein the underlying stitch outline setting means
establishes each of the segmental underlying stitch arca
outlines, based on the selected value stored 1n the set value
storing means with respect to a corresponding one of the
secgmental closed areas.

8. The embroidery data processing apparatus as defined 1n
claim 6, further comprising selecting means for selecting at
least one segmental closed area from the plurality of seg-
mental closed areas.

9. The embroidery data processing apparatus as defined 1n
claim 1, further comprising;:

underlying stitching start and end point setting means for
setting a segmental underlying stitching start point and
a segmental underlying stitching end point for each of
the plurality of segmental underlying stitch areas;
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means for determining a sewing order in each of the
segmental closed areas, such that immediately after
underlying stitches are formed 1n one of the segmental
underlying stitch areas, stitches are formed 1n one of the
secgmental closed areas that contains the one of the
segmental underlying stitch areas;

means for determining a sewing order between the plu-
rality of segmental closed areas;

connecting relationship storing means for storing a con-
necting relationship between the plurality of segmental
closed areas;

auxiliary sewing data producing means for producing
auxiliary sewing data used for forming continuous
stitches over the plurality of segmental closed areas,
based on the connecting relationship between the seg-
mental closed areas stored 1n the connecting relation-
ship storing means;

underlying stitching setting means for setting each of the
plurality of segmental closed areas to a selected value
that indicates whether underlying stitches are to be
formed; and

set value storing means for storing the selected value to
which said each segmental closed area i1s set by the
underlying stitching setting means, wherein the under-
lying stitch outline setting means establishes each of
the secgmental underlying stitch area outlines, based on
the selected value stored 1n the set value storing means
with respect to a corresponding one of the segmental
closed areas.

10. A method of producing an embroidery data used for
forming underlying stitches 1n a closed area that 1s enclosed
by an outline that defines a shape of an embroidery area,
comprising the steps of:

dividing the outline 1nto a plurality of segmental outlines
by at least one self-intersecting point, a self-
intersecting point being a point at which the outline
intersects with itself, the segmental outlines defining a
plurality of segmental closed areas, respectively, which
are connected to each other at the at least one seli-
intersecting point;

establishing a plurality of segmental underlying stitch
arca outlines that define respective shapes of a plurality
of segmental underlying stitch areas in which underly-
ing stitches are formed, such that each of the segmental
underlying stitch areas 1s located 1nside a correspond-
ing one of the plurality of segmental closed areas
defined by the segmental outlines into which the outline
1s divided; and

producing segmental underlying stitch data used for form-

ing underlying stitches 1n each of the plurality of
segmental underlying stitch areas defined by the seg-
mental underlying stitch area outlines.

11. The method of producing an embroidery data as
defined 1 claim 10, further comprising the step of setting a
secgmental underlying stitching start point and a segmental
underlying stitching end point for each of the plurality of
secgmental underlying stitch areas.
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12. The method of producing an embroidery data as
defined 1n claim 10, further comprising the step of deter-
mining a sewing order 1n each of the segmental closed areas,
such that immediately after underlying stitches are formed in
onc of the segmental underlying stitch areas, stitches are
formed 1n one of the segmental closed areas that contains the
one of the segmental underlying stitch areas.

13. The method of producing an embroidery data as
defined 1n claim 10, further comprising the step of deter-
mining a sewing order between the plurality of segmental
closed areas.

14. A storage medium for storing a program to create
embroidery stitch data to including underlying stitch data,

for an embroidery pattern, the program comprising:

a routine for dividing the outline 1nto a plurality of outline
segments, each outline segment containing at least one
self-intersecting point, a self-intersecting point defined
as a point where the outline crosses itself;

a routine for establishing an inner outline segment within
cach outline segment of the plurality of outline seg-
ments,

a routine for designating inner outline segments to receive
underlying stitches;

a routine for producing underlying stitch data for those
inner outline segments designated to have underlying,
stitches; and

a routine for producing embroidery stitch data for each
outline segment of the plurality of outline segments.

15. The storage medium according to claim 14, wherein

the routine for producing underlying stitch data comprises:

a sub-routine for setting a stitching start point and a
stitching end point.
16. The storage medium according to claim 14, further
comprising:
a routine for establishing a hierarchical relationship
between the plurality of outline segments; and

a routine to select a first outline segment for the devel-
opment of embroidery stitches.

17. The storage medium according to claim 16, further

comprising:

a routine for designating a start point and an end point for
stitching the embroidery pattern, wherein the routine
for producing underlying stitch data and the routine for
producing embroidery stitch data first prepare data for
the first outline segment and then prepare data based
upon the hierarchical relationship.

18. The storage medium according to claim 17, further
comprising a subroutine for designating the start point and
the end point each as a self-intersecting point.

19. The storage medium according to claim 14, further
comprising a program for setting a segmental underlying
stitching start point and a segmental underlying stitching end
point for designated mner outline segments.

20. The storage medium according to claim 19, further
comprising a program for establishing a sewing order for the
plurality of outline segments.
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